Patients with myeloma, treated on the thalidomide arm of total therapy 2 (TT2), had a higher complete response (CR) rate and improved event-free survival (EFS) but not overall survival (OS). To evaluate the benefit of TT2's posttandem autotransplant consolidation chemotherapy and dexamethasone maintenance, outcomes were compared on TT2 without thalidomide (n ‫؍‬ 345; median follow-up, 3.5 years) and on predecessor trial TT1 (n ‫؍‬ 231; median follow-up, 11.5 years). CR rates were similar (43% vs 41%); however, 5-year estimates of continuous CR (45% vs 32%, P < .001) and 5-year EFS (43% vs 28%, P < .001) were superior with TT2, with a trend for improved OS (62% vs 57%; P ‫؍‬ .11). OS was also superior among patients achieving CR and receiving the second transplantation early after the first transplantation. Superior EFS and OS with TT2 versus TT1 was noted in the two thirds presenting without cytogenetic abnormalities (CAs); 4-year posttandem transplantation OS for patients with CAs was 47% with TT1 and 76% with TT2 when combination chemotherapy rather than DEX was applied for consolidation (P ‫؍‬ .040). Thus, TT2 (without thalidomide) improved OS of patients without CAs; those with CAs benefited from posttransplantation consolidation chemotherapy. The favorable effects of CR and rapidly sequenced second transplantation attest to the validity of a melphalan dose-response effect in myeloma.
Introduction
High-dose melphalan (MEL) has become the mainstay of therapy for patients with multiple myeloma (MM), especially for those under the age of 65 years. 1, 2 Complete response (CR) rates up to 40% have been reported with tandem transplantations, doubling 7-year overall survival (OS) and event-free survival (EFS) rates in comparison to single transplantations. 3 Total therapy 2 (TT2) 4 evaluated, in a randomized trial design, whether EFS and OS could be extended by the addition of thalidomide, 5 the first new active agent for MM since the introduction of melphalan and prednisone in the early 1960s. 6 Although raising CR and prolonging EFS, thalidomide failed to improve OS due to a higher failure rate to salvage therapies among those initially randomized to thalidomide. 7 In comparison to total therapy 1 (TT1), 8, 9 TT2 applied more intensive chemotherapy for induction prior to and for consolidation after tandem transplantations as well as high-dose dexamethasone (DEX) during the first year of maintenance with interferon. We now report on the clinical outcome of 345 patients treated with TT2 without thalidomide in comparison with 231 patients receiving TT1.
Patients, materials, and methods

Eligibility criteria
For both trials, patients had to have an established diagnosis of symptomatic or progressive MM that required treatment. Up to one cycle of prior systemic therapy was permitted; local radiation for painful bone fractures was also allowed. Cardiopulmonary and hepatic functions had to be preserved. Renal failure, even if hemodialysis-dependent, was not an exclusion criterion if its duration did not exceed 6 months and was likely due to cast nephropathy, as suggested by Bence Jones proteinuria. The upper age limit was 70 years with TT1 and 75 years with TT2. In keeping with institutional and federal policies, all patients had to provide written informed consent, indicating the investigational nature of the trials proposed. Approval for these studies was obtained from the institutional review board of the University of Arkansas for Medical Sciences (UAMS). Response and toxicity data were monitored, on both trials, by independent auditors.
Response and relapse criteria
CR required the absence of M-protein in serum and urine on immunofixation analysis as well as normal bone marrow aspirate and biopsy by microscopy and flow cytometry (absence of aneuploidy and monoclonal cytoplasmic light chain); in addition, metaphase cytogenetic abnormalities (CAs) had to be absent. 9 Partial response (PR) required at least 75% reduction in serum M-protein and at least 90% reduction in urinary M-protein excretion, along with normal bone marrow findings (as in CR). Response criteria had to be documented on at least 2 subsequent occasions at least 2 months apart. Relapse from CR implied the reappearance of M-protein in serum or urine, reappearance of monoclonal bone marrow plasmacytosis or of CAs, the development extramedullary disease or of new bone lesions recognized on periodically (at least semiannually) performed magnetic resonance imaging or skeletal survey. Relapse from PR was diagnosed when M-protein levels/excretion doubled from the lowest level or increased by 50%, whichever occurred earlier; similar consideration as with relapse from CR applied to development of new medullary or extramedullary lesions and bone marrow findings.
Treatment regimens
The details of both TT1 and TT2 regimens have been reported previously and are briefly summarized in Table 1 . 4, 8 Instead of induction therapy in TT1 with 3 cycles of VAD (4-day continuous daily infusions of vincristine and doxorubicin plus oral high-dose dexamethasone [DEX] pulsing), high-dose cyclophosphamide with filgrastim for peripheral-blood stem-cell (PBSC) mobilization and EDAP (etoposide, DEX, arabinosyl cytosine, cis-platin), TT2 employed only one cycle of VAD followed by DCEP (DEX, cyclophosphamide, etoposide, cisplatin), CAD (cyclophosphamide, doxorubicin, DEX) with PBSC collection, and further DCEP. Both protocols employed tandem autotransplantations in support of MEL 200 mg/m 2 (MEL 200), which were spaced 2 to 6 months apart. With TT2, patients aged 70 years or more and those with creatinine levels exceeding 265.2 mM/L (3 mg/dL) received a reduced MEL dose of 140 mg/m 2 . In case patients had achieved less than PR status prior to the second transplantation, TT1 called for MEL 140 with added total body irradiation; patients on TT2 received the carmustine, etoposide, cytarabine, and melphalan (BEAM) regimen (Table  1 ). TT2 also introduced consolidation chemotherapy, initially with DCEP every 3 months for 4 cycles versus DCEP alternating with CAD every 6 weeks for a total of 8 cycles; because of similar results from these 2 consolidation arms, the last 90 patients were offered D-PACE (DEX, cis-platin, doxorubicin, cyclophosphamide, etoposide). In case platelet recovery to at least 100 000/L failed or DCEP was ineffective during induction (Ͻ 25% further decrease in M-protein after VAD), DEX pulsing (40 mg/d for 4 days) was applied monthly as an alternative consolidation strategy. DEX pulsing (40 mg on days 1-4, 9-12, 17-20) was added quarterly during the first year of interferon maintenance therapy in TT2.
Statistical analyses
EFS and OS comparisons between TT1 and TT2 were performed using an intent-to-treat approach. Comparisons of clinical response required the administration of at least one cycle of protocol induction therapy. EFS and OS were estimated by the Kaplan-Meier method; survival differences were examined by the log-rank test. 10, 11 The timing of treatment-related mortality (TRM) and CR were visualized using cumulative incidence; 12 frequency differences in TRM and CR were compared using the chi-square test. Chi-square or Fisher exact tests were used to compare cross tabulations of categorical variables; the Wilcoxon 2-sample test compared the distribution of continuous factors between TT1 and TT2. 13 Cox regression was used to evaluate multivariate prognostic models of EFS and OS. 14 Where appropriate, continuous prognostic factors were used for multivariate models of EFS and OS with the following notable exceptions: nonparametric plots of log relative risk indicated that the relationship between EFS/OS and lactate dehydrogenase (LDH) was best modeled using a threshold at the upper limit of normal; serum levels of beta-2-microglobulin (B2M), C-reactive protein (CRP), and creatinine were log-linear with respect to the log relative risk. 15, 16 Logistic regression evaluated multivariate prognostic models of TRM and CR. Each prognostic factor was modeled as either a continuous covariate or dichotomized at an appropriate threshold based on a visual examination of the relationship between the log odds of CR or TRM and the prognostic factor of interest using a cubic spline. 17 Variables were selected for model inclusion in Tables 4 and 5 using a best subset algorithm (models rated using a score chi-square statistic both for Cox and logistic regression) subject to the restriction that the Wald test statistic for each variable was significant at the conventional .05 level.
Results
Patient characteristics
TT1 and TT2 baseline characteristics were comparable with regard to most prognostic features, especially the presence of CAs (Table  2 ). TT2 comprised a higher proportion of patients aged 65 years and older; fewer TT2 patients were anemic and hypoalbuminemic or had been exposed to one cycle of prior therapy.
Completion of therapy
TT1 enrolled 231 patients (median follow-up, 11 years) and TT2 enrolled 345 patients (median follow-up, 3.5 years). The entire induction phase was completed in 203 (88%) patients receiving TT1 and in 299 (87%) patients enrolled on TT2. Completion rates of first and second transplantations were also similar between the 2 studies: 84% and 71% with TT1 versus 85% and 68% with TT2 (Table 2 ; Figure 1A ). Among the 218 (63%) patients initiating the consolidation phase of TT2, 64% received chemotherapy (DCEP, CAD, or D-PACE) and the remainder DEX (when platelets failed *Treatment-related mortality (TRM) was defined as death partially attributed to treatment and occurring either while patient was on study or within 2 months of going off study. †Partial response (PR; Ͼ75% reduction): denominator for % in remission includes only patients receiving one cycle of protocol therapy. ‡Complete remission (CR; absence of M-protein by immunofixation): denominator for % in remission includes only patients receiving one cycle of protocol therapy. §Two patients (1 during induction and 1 during second transplantation) went off study due to other reasons (patient/physician choice); these were coded as TRM since death was attributable to treatment and occurred within 2 months of going off TT2.
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For personal use only. on April 15, 2017. by guest www.bloodjournal.org From to recover or no benefit was documented from induction DCEP). In the case of TT1 (no consolidation therapy), 55% started interferon (IFN) maintenance compared with 54% with TT2 (P ϭ .72). Table  3 provides an account of all patients proceeding through or coming off serial phases of both treatment regimens.
Clinical outcome by study
Recognizing that TT2 was the successor trial to TT1, outcome comparisons have to be interpreted with caution. Despite similar CR rates of 43% and 41% with TT2 and TT1 ( Figure 1A ), a higher proportion of patients receiving TT2 remained in CR at 5 years (45% vs 32%, P Ͻ .001; Figure 1C ). The 5-year EFS was superior with TT2 (43% vs 28%; P Ͻ .001; Figure 1D ), and a trend was noted for improved OS (62% vs 57%; P ϭ .11; Figure 1E ). TRM was similar and reached 7% for both TT2 and TT1 ( Figure 1F ).
Prognostic factors
CR rates were higher in case of IgA isotype, LDH elevation, and in the absence of CAs; TRM was correlated with low albumin and older age (Table 4) . EFS and OS were inferior in the presence of CAs and high LDH with both trials (Table 5 ). In the case of TT2, EFS and OS both were shorter in patients with IgA MM and low albumin, and OS was inferior in the elderly (higher upper age limit of 75 years with TT2 vs 70 years with TT1). Appreciating the noncontemporaneous nature of the 2 trials, a multivariate analysis was performed that included treatment (TT2, TT1) along with baseline features as variables: TT2 was superior to TT1 for EFS with a trend apparent for OS (Table 5) . Patients achieving CR within 12 months and completing tandem transplantations within 12 months had superior OS (Figure 2 ). Although the statistical interaction between CAs and therapies was not significant (P Ͼ .05), a subgroup analysis was still performed because of the important prognostic implications of CAs. CR rates with TT1 were similar in the absence and in the presence of CAs (42% vs 38%; P ϭ .54); in the case of TT2, 49% of patients without CAs as opposed to 32% with CAs achieved CR (P ϭ .004; Figure 3A ). TT2 extended both EFS ( Figure 3B ) and OS in the no-CAs group ( Figure 3C ). Among patients with CAs receiving TT2, posttandem transplantation consolidation chemotherapy improved 4-year OS (measured from a 6-month landmark after second transplantation) in comparison with DEX (76% vs 34%, P ϭ .020); in the case of TT1, 4-year OS was 69% in the absence and 47% in the presence of CAs (P ϭ .003; Figure 4 ). Thus, consolidation chemotherapy in TT2 improved the outcome of the high-risk CA group to the level obtained with TT1 in the low-risk group (76% vs 69%; P ϭ .65).
Discussion
We have previously reported on the superior CR rate and extended EFS in patients randomized to the thalidomide arm of TT2; due to shorter postrelapse survival among those randomized to thalidomide, OS was similar in the 2 groups. 7 A comparison of outcomes of patients randomized to the TT2 arm without thalidomide with those treated with the predecessor TT1 trial was undertaken to examine the potential contributions of dose-intensified induction chemotherapy and the novel concept of posttransplantation consolidation therapy delivered with TT2. Results revealed that, without suffering increased mortality, the twothirds of good-risk patients presenting without CAs entered CR more frequently and enjoyed longer CR, EFS, and OS. High-risk patients presenting with CAs seemed to gain from consolidation chemotherapy, whereas DEX pulsing failed to improve prognosis beyond results obtained with TT1 in this high-risk group. Thirty-nine percent of patients receiving DEX had failed DCEP with induction and thus might constitute per se a less favorable subgroup; their baseline features, however, were similar to those patients receiving DCEP. Those receiving DEX due to failure of recovering an adequate platelet count fared worse than DCEP recipients in the presence of CAs (data not shown), suggesting a beneficial role of DCEP consolidation therapy. Timely application of 2 transplantations and achieving CR both prolonged OS, independent of treatment and other baseline features.
MM with CAs remains a formidable therapeutic problem. 18 Even newer agents (thalidomide, lenalidomide, bortezomib), highly effective in the salvage setting, proved more effective among good-risk patients without CAs. 19 When applied for the primary management of patients with MM, trials involving thalidomide plus dexamethasone [20] [21] [22] and especially with added melphalan, 23 bortezomib alone, [24] [25] [26] and especially in combination with dexamethasone and thalidomide 19 or with pegylated doxorubicin, 27 all have yielded surprisingly high CR rates approaching those reported with single and even tandem autotransplantations. However, follow-up is short, and many patients received subsequently high-dose therapy consolidation, and information on cellular and molecular genetic features is largely lacking. Based on results presented here for TT2, 4-year posttransplantation OS should be in excess of 50%, similar to results recently reported for high-risk MM (high B2M, chromosome 13 deletion by FISH analysis) in trial IFM99-04 (tandem autotransplantation). 28 Data reported here suggest that trials are in order that test, prospectively, whether posttransplantation consolidation chemotherapy can improve the prognosis of patients with high-risk CA-type MM. To minimize patient dropout prior to this investigative step, several trials are currently under way in our program to determine whether, by shortening induction therapy to 2 cycles, a higher proportion of patients will complete the intended tandem transplantations in a timely fashion, thereby prolonging OS. Total therapy 3 (TT3), incorporating bortezomib into the frontline therapy of MM, employs only 2 cycles each for induction and consolidation. 29 Preliminary results indicate that 79% of 162 patients currently enrolled in TT3 (minimum of 6 months followup) indeed completed both scheduled autotransplantations (median completion time of 5 months); in contrast, only 68% of patients on TT2 completed both transplantations (median completion time of 10 months). More than 80% of those on TT3 achieved CR or near CR (immunofixation-positive) 30 compared with 77% on the thalidomide arm of TT2 and 66% on the control arm. Other studies, applying CDR3 polymerase chain reaction analysis for quantitation of subclinical disease, are in progress to determine whether the poor outcome of CA-type MM reflects inferior tumor cytoreduction or more rapid disease regrowth. 31 Figure 4 . Overall survival from 6 months after second transplantation by study (TT2 with consolidation chemotherapy vs dexamethasone [DEX] vs TT1) and presence or absence of cytogenetic abnormalities (CAs). TT2 patients with baseline CAs, treated with chemotherapy for consolidation, had superior OS compared with those receiving DEX for consolidation. OS was similar for TT2 patients without CAs, regardless of consolidation therapy. OS for TT1 patients with CAs was similar to OS for TT2 patients receiving DEX.
